This study deals with the levels of toxic polychlorinated dibenzo-p-dioxin and furan congeners (PCDD/Fs) in the livers of piglets affected by infectious diseases using isotope dilution high-resolution gas chromatography/high-resolution mass spectrometry (HRGC/HRMS). Seventeen toxic congeners in the liver samples infected with bacterial and viral diseases were compared. For porcine reproductive and respiratory syndrome virus (PRRSV) samples, the North American-and European-type PRRS diseases were observed. This study shows that there are significantly different levels of PCDD/Fs, present, which vary according to the types of diseases as evidenced by our analysis of the piglet liver samples.
of disease, which was first observed in North America in 1987 (Collins et al. 1992; Allende et al. 1999) and in western Europe in 1990 (Wensvoort et al. 1991) , and at the present, it is a worldwide disease (Mateu et al. 2003) . Several studies have demonstrated the increased severity of clinical disease in animals co-infected with PRRSV and various bacteria, including Streptococcus suis (Thanawongnuwech et al. 2000) , Haemophilus parasuis (Olvera et al. 2009 ), Salmonella choleraesuis (Wills et al. 2000) and Mycoplasma hyopneumoniae (Thacker et al. 1999) . Generally, PRRSV is classified into two distinct genotypes, namely the European and the North American genotypes (Labarque et al. 2004; Brambilla et al. 2011) . One of the most known potent toxicants is dioxin (PCDD/Fs); especially, 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) has reported an association of immunologic effects in experimental animals. This includes the decreased host resistance to infectious diseases and suppressed humoral and cell-mediated immune responses (Mandal 2005) . To the best of authors' knowledge up to now, there are no studies related to the investigation of each specific dioxin congener according to the types of diseases in piglets. To ensure proper validation of the analytical method certified reference material (CRM) and limit of detection were verified in advance. Based on these findings, hepatic levels of PCDD/Fs were determined in various piglet diseases and evaluated according to the types of disease.
Materials and methods

Preparation of the samples
The experiment consisted of the analysis of PCDD/Fs levels in the liver of piglets infected with bacterial or viral diseases and analysis of PCDD/Fs with PRRSV of the North American or the European type. In the first experiment, three individual liver samples were taken from piglets infected with four different groups of pathogens (12 samples in total) and analysed. For bacterial diseases, the pathogens were Salmonella spp and Streptococcus suis. For PRRSV, the samples were classified according to site of pathological lesions: e.g. lymph, intestine and lung. In the second experiment, five individual piglet liver samples from two different groups (10 samples in total) infected with PRRSV of the North American and European types were analysed. In addition 14 liver samples from piglets related to North American-type PRRSV were obtained later. Ground hepatic samples were mixed with powder of anhydrous sodium sulphate, and 15 congeners of 13C-labelled PCDD/Fs (Wellington laboratories Inc., Ontario, Canada) were added prior to extraction. The extraction of native PCDD/Fs in the samples was performed by sonication in 100 ml of n-hexane twice for 10 min.
37 Cllabelled PCDD/Fs solutions were added prior to sulphuric acid treatment, which was used to remove lipids. The extract was then purified on a Power Prep instrument (Fluid Management Systems, Waltham, MA, USA). The recovered product-containing fractions were spiked with the internal standards ( 13 C-labelled 1,2,3,4-TCDD, 1, 2, 3, 7, 8, . For the quantification of trace level of PCDD/Fs, calibration standards CS1/2 through CS4 were used. Experiments to establish the method detection limits (MDL) were conducted with a pooled sample, containing none of the dioxin congeners. MDLs were measured by analysing seven replicate samples spiked with native standards of EPA 1613 PAR (Precision and Recovery Standard) per 10 g of control blank samples. EPA 1613 PAR and fortified fish reference material (EDF-2526) as the CRM were purchased from Cambridge Isotope Laboratories (CIL Inc., MA, USA) to determine precision and accuracy of the analytical method. All organic solvents were of ultra-residue-grade analysis (J.T Baker, Philipsburg, NJ, USA). Anhydrous sodium sulphate and sulphuric acid were purchased from E. Merck (Darmstadt, Germany).
Instrumentation
The instrumental analysis was performed on a JEOL (Akishima, Tokyo, Japan) MStation JMS-700D high-resolution mass spectrometer (B/E configuration) equipped with an Agilent (Palo Alto, CA, USA) 6890 Plus gas chromatograph. A capillary GC column 60 m in length and 0.32 mm in inner diameter, coated with a DB-5 MS stationary phase (film thickness of 0.25 lm), was used. Samples were injected in splitless mode at an injector temperature of 280°C and at an initial column temperature of 160°C. After 1 min, the temperature was ramped at 20°C/min to 200°C, at 5°C/min up to 235°C and at 3°C/min up to 310°C. The latter temperature was held for 3 min. The ion source was operated at 260°C, and the electron energy was 38 eV. The mass spectrometer was tuned to a mass resolution of 10,000. Quantification was carried out for tetra-through octachlorinated dioxins and furans by the isotopic dilution method, and congeners were recorded as non-detected (n.d.) below the method detection limit. All congeners of PCDD/Fs were analysed according to the methodology of WHO (Shin et al. 2013) .
Statistical analysis
In this study, a certified reference material CRM, EDF-2526, which is the fish performance evaluation sample, and MDL, which is defined as the lowest concentration of PCDD/Fs, providing a greater than 99% confidence level, were carried out. validation studies to estimate accuracy and precision including the limit of detection are required for trace-level analysis. We obtained a certificate of accreditation for food testing inspection from Korea Food & Drug Administration and applied proficiency tests in the analysis of dioxins every year to maintain high quality. The results were very satisfactory. To monitor method performance, all the samples were spiked with labelled compounds, and A certified reference material CRM, EDF-2526, which is the fish performance evaluation sample, and MDL, which is defined as the lowest concentration of PCDD/Fs, providing a greater than 99% confidence level, were used.
International Journal of Experimental Pathology, 2017, 98, 214-220 their recoveries through the analytical procedure were within the acceptance criteria for dioxin/furans analysis between 70 and 120%. The concentrations determined for the native 17 congeners of PCDD/Fs were in excellent agreement with the EDF-2526 reference fish certified values as shown in Table 1 . From the seven replicate analyses of spiking experiments, MDLs were obtained within the range of 0.0029-0.0066 pg/g. Generally, this sensitivity was satisfactory for the determination of dioxins and risk assessment.
Sample analysis
By comparing the results of PCDD/Fs levels in the organs from piglets with bacterial or viral infection, no detectable concentrations of PCDD/Fs were observed in the organs from piglets with bacterial diseases of Salmonella spp. and Streptococcus. In contrast the results from piglet livers infected with viral disease of PRRSV showed significant difference. Few studies have considered the effect of only 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD) on the infectious disease of animal dose (Zhang et al. 2013) ; however, total TEQ concentrations required accuracy in predicting the toxicity. Because all dioxin congeners are thought to act in the same way, they are not all equally toxic (Assmuth & Vartiainen 1995) . Each congener in the samples was represented as their dioxin toxic equivalent (TEQ), which is determined by toxicity potency factors in this study. In the case of samples for piglet disease due to the PRRSV in lymph and intestine, the most potent dioxins 1,2,3,7,8-PeCDD, 1,2,3,4,7,8-HxCDD, 2,3,7,8-TCDF, 1,2,3,4,6,7,8-HpCDF and 1,2,3,4,7,8,9-HpCDF were detected as shown in Table 2 . In one of the lung samples due to the PRRSV octachlorodibenzofuran (OCDF), was detected and none of PCDD/Fs were detected in the other two samples. Overall, PCDD/Fs were detected in higher quantities from the samples with PRRSV in lymph and intestine than from those with PRRSV in lung. On this basis, analysis of the livers for piglet according to disease type was performed because the liver sample accumulates more dioxin compounds than other organs (Fernandes et al. 2010; Conka et al. 2012; Rose et al. 2012) . It is known that due to its detoxification properties, liver gathers toxic compounds in the greater extent when compared with the other internal organs (Shen et al. 2012b; Holma-Suutari et al. 2016) ( Table 3) . Five liver samples of each North American-type and European-type PRRSV that cause a disease of pigs were analysed. In the case of the livers for piglet disease with North American-type PRRSV, more congeners and high level of dioxins were detected than European-type PRRSV. The most toxic dioxin, 1, 2, 3, 7, 8-pentachlorodibenzo-p-dioxin (PCDD) was detected in one sample (NA-15) and their concentration range of total PCDD/Fs was 0.00288-0.42814 pg WHO-TEQ/g. On the other hand, low chlorinated congeners that have high toxicity were not detected in the livers for piglet disease with European-type PRRSV. The level of toxic dioxins was significantly higher in the samples of piglet liver from North American-type PRRSV than from European-type PRRSV. A certified reference material CRM, EDF-2526, which is the fish performance evaluation sample, and MDL, which is defined as the lowest concentration of PCDD/Fs, providing a greater than 99% confidence level, were used.
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Thus, additional 14 liver samples of piglets related to North American-type PRRSV were obtained and analysed for the determination of PCDD/Fs. The TEQ concentrations of PCDD/Fs in the samples of piglet liver are shown in Table 4 . Even though the total concentrations in the samples ranged from 0.00002 to 0.42633 pg, the more toxic congeners such as tetra-or penta-CDD/F as well as multiple congeners were detected, especially for two samples (S4 and S9). The representative chromatograms of OCDD that were frequently detected congeners in the samples are shown in Figures 1-2 . The levels of PCDD/Fs in the livers for piglet disease with North American-type PRRSV were obviously higher compared with those of European-type PRRSV.
Conclusions
The present results found the relationship between the TEQ levels of toxic dioxin congeners in the organs of piglet and the types of disease. The total concentrations of PCDD/Fs in piglet infected with viral diseases were higher than the concentrations of PCDD/Fs in piglet with Bacillus nature diseases. By comparing the level of PCDD/Fs in piglet liver between the North American-type and European-type PRRS diseases, the TEQ concentrations of PCDD/Fs in piglet livers from the North American-type PRRS were observed to be higher than those from the European-type PRRS. Investigation of the relationship between exposure to PCDD/Fs and diseases is increasing N.D, not detected; PRRSV, porcine reproductive and respiratory syndrome virus; PCDD/Fs, polychlorinated dibenzo-p-dioxins/furans; toxic equivalent (TEQ). A certified reference material CRM, EDF-2526, which is the fish performance evaluation sample, and MDL, which is defined as the lowest concentration of PCDD/Fs, providing a greater than 99% confidence level, were used.
and HRGC/HRMS could be a useful tool for the assessment.
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